INTRODUCTION
The Central Asian orogenic belt ( Fig. 1) is regarded as one of the largest accretionary belts on Earth Windley et al., 2007; Cawood et al., 2009; Collins et al., 2011) . Its evolution is dominated by multiple accretions of terranes, and it is located between major tectonic units including the Mongolian arcs, and the Tarim, North China, and Siberian cratons ( Fig. 1 ; Şengör et al., 1993; Badarch et al., 2002; Windley et al., 2007; Wilhem et al., 2012; Kröner et al., 2013a) . Recent studies (Xiao et al., 2003; Windley et al., 2007; Wilhem et al., 2012; Kröner et al., 2013a) have suggested an archipelago-type model similar to present-day Southeast Asia to explain the tectonic evolution of the Central Asian orogenic belt. However, modifi cations of the initial single-arc model by Şengör et al. (1993) are still favored by some researchers (e.g., Yakubchuk, 2008) .
The characterization and identifi cation of terranes within the Central Asian orogenic belt still remain challenging (e.g., Dobretsov et al., 2004; Han et al., 2011) . Sedimentary provenance studies can assist in the reconstruction of paleogeographic positions and the tectonic evolution of a region (Haughton et al., 1991) . Thus, the analysis of forearc and back-arc basins can provide important insights into the architecture of the arc systems, which are the predominant tectonic building blocks of the Central Asian orogenic belt (Rojas-Agramonte et al., 2011; Cawood et al., 2012; Dumitru et al., 2013) . This approach is particularly applicable across cryptic suture zones, such as the Solonker suture zone ( Fig. 1 ; Xiao et al., 2003; Jian et al., 2008 Jian et al., , 2010 Eizenhöfer et al., 2014) .
The Late Permian to Early Triassic Solonker suture zone, along the southeast part of the Central Asian orogenic belt, is generally interpreted as the locus of the fi nal closure of the paleoAsian Ocean, which separated the Mongolian arcs to the northwest from the North China craton to the southeast ( Fig. 1 ; Xiao et al., 2003; Li, 2006; Eizenhöfer et al., 2014) . However, it still remains relatively ill-defi ned. For instance, paleobiogeographical studies (Manankov et al., 2006; Shi, 2006) identifi ed a broad mixing zone of Angaran and Cathaysian marine facies along the present-day border between China and Mongolia. Earlier works (Şengör et al., 1993; Nozaka and Liu, 2002) suggested that the suture zone is located north of the Xar Moron River, linking the Solonker (Solon Obo) ophiolite in the east with the Hegenshan ophiolite in the northeast ( Fig. 1 ; Robinson et al., 1999; Miao et al., 2007 . Alternatively, Xiao et al. (2003) and Jian et al. (2008 Jian et al. ( , 2010 argued that the suture is ~500 km to the south along the course of the Xar Moron River. Recent reports suggest that the suture zone branches to the east into a northern Hegenshan-Heihe and southern Xar Moron suture zone (e.g., Wu et al., 2007; Zhou et al., 2012) . Eizenhöfer et al. (2014) , however, favored a broad cryptic suture zone, as also documented in other parts of the Central Asian orogenic belt (e.g., Xiao et al., 2013) , separating two opposing accretionary orogens located between the Hegenshan ophiolite to the north and the Xar Moron River to the south (Fig. 2) .
Several factors impede tectonic reconstructions of the accretionary collision zone between the Mongolian arcs and the North China craton during the closure of the paleo-Asian Ocean.
Typical continent-continent collisional features, such as regional medium-to high-grade metamorphism, large-scale thrust faults, and distinct mountain topology, are absent. In addition, complex Paleozoic arc geometries and processes might have affected the preservation of and access to key tectonic elements (Draut and Clift, 2013) . Mesozoic plutonic and volcanic activity further overprinted the region. Consequently, geologic interpretations (e.g., Xiao et al., 2003; Jian et al., 2008 Jian et al., , 2010 Eizenhöfer et al., 2014) are still speculative and controversial. Hence, a large-scale systematic provenance study of Paleozoic arc basins was carried out to understand the Paleozoic to early Mesozoic origin, tectonic environment, and evolution of the region. In this study, we report variations in detrital zircon U-Pb ages and Hf isotopic ratios across the Solonker suture zone, and these data provide new insights into the accretionary and collisional processes that were operative during the closure of the paleo-Asian Ocean, and the Paleozoic assembly of East Asia.
REGIONAL GEOLOGY
Unlike classic continent-continent collisions, the paleo-Asian Ocean closed as a result of complex Paleozoic accretionary processes, which involved a number of tectonic units. These are from north to south ( Fig. 2) : the Mongolian arcs, the Hegenshan ophiolite complex, the northern accretionary orogen, the southern accretionary orogen, and the North China craton.
Sedimentary Source Terranes with Precambrian Basement

Mongolian Arcs
The Mongolian arcs ( Fig. 1 ) represent an assemblage of Paleozoic arcs and Precambrian nuclei, which successively accreted onto the Siberian craton during the subduction of the paleo-Asian Ocean (Badarch et al., 2002; Windley et al., 2007) . Their origin, e.g., possibly rifted fragments of Gondwana, the Tarim craton, or independent microblocks, remains disputed. As a result, the Mongolian arcs constitute a large variety of subterranes. Formation ages for the Mongolian arcs range from the Paleoproterozoic to late Paleozoic (Rojas-Agramonte et al., 2011) , and zircon Hf isotopic compositions indicate different degrees of juvenile addition and reworking of crust during the accretionary processes (Kröner et al., 2013a) . Their evolution terminated with the arrival of the North China craton in the Late Permian to Early Triassic (Xiao et al., 2003; Eizenhöfer et al., 2014) .
Subterranes of the southern Mongolian arcs likely infl uenced sedimentary basins to their south across the accretionary collision zone with the North China craton. These terranes are composed of Precambrian cratonic blocks, Paleozoic island arcs, accretionary wedges, and back-arc/forearc basin deposits (Badarch et al., 2002) . Lamb and Badarch (1997) and Demoux et al. (2009) proposed a mature island-arc terrane (Uliastai arc), probably atop an ancient microcontinent, which may have rifted from the Tarim craton before it accreted onto the Mongolian arcs (Rojas-Agramonte et al., 2011) . The existence of this island arc is further supported by the identifi cation of mafi c to felsic volcanics as a principal source for Lower Mesozoic sedimentary strata in the southern Mongolian Noyon Uul syncline (Hendrix et al., 1996) . In addition, Heumann et al. (2012) concluded that detrital zircons from sedimentary sequences in southern Mongolia at Bulgan Uul and Nomgon along the border to China were derived from Carboniferous and Ordovician-Silurian arcs. A variety of ages, all of which are possible age provenances of sedimentary rocks in the study region, have been reported for southern Mongolia: ca. 1.5 Ga, ca. 950 Ma, and ca. 500 Ma for the emplacement of gneiss protoliths (Demoux et al., 2009) 
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Sample H e g e n sh a n H e g e n sh a n O p h io li te O p h io li te (Wang et al., 2001) , ca. 770 Ma for an aplite in a gneiss of the southern Mongolian Tsagaan Uul terrane (Badarch et al., 2002) , and ca. 330-300 Ma for granites (Kovalenko et al., 2006; Blight et al., 2010) .
North China Craton
The North China craton (Fig. 1 ) is characterized by two age populations with distinct zircon Hf compositions (Zhao et al., 2001; Geng et al., 2012) . A Neoarchean (ca. 2.5 Ga) cratonwide tectono-thermal event produced zircons with overall positive ε Hf values. The Paleoproterozoic (ca. 1.85 Ga) consolidation of the craton, mainly by reworking of older crust, formed zircons with largely negative ε Hf values. The absence of any other ages, e.g., in Neoproterozoic to Cambrian sedimentary strata studied by Darby and Gehrels (2006) , signals that the craton and its margins remained largely isolated and passive until the early Paleozoic.
An active Andean-type continental margin developed along its northern edge when subduction of the paleo-Asian Ocean initiated in the early Paleozoic (Tang, 1990; Tang and Yan, 1993; Cope et al., 2005; Miao et al., 2007; Xiao et al., 2003 Xiao et al., , 2009 Eizenhöfer et al., 2014) . Thus, forearc basins likely received sediment from its Precambrian basement. Subsequently, the North China craton collided with the Mongolian arcs in the Late Permian to the Early Triassic.
Accretionary Collision Zone between the Mongolian Arcs and the North China Craton
Chinese Southern Mongolian Arcs and the Hegenshan Ophiolite Complex
Both the Chinese southern Mongolian arcs and the Hegenshan ophiolite complex stretch southwest-northeast in the northern part of the study area, separated by the SW-NE-striking Uliastai fault (Fig. 2) .
The Chinese southern Mongolian arcs (also known as Uliastai active continental margin; Xiao et al., 2003) mainly consist of Devonian to Permian arc volcanic rocks and their associated volcaniclastic sedimentary strata, of which the depositional environment (forearc or back-arc basin) remains unresolved. Based on such lithology, early studies proposed an active Andeantype continental margin during both periods (Shao, 1989; Wang, 1996) . Xiao et al. (2003) and a recent deep-seismic refl ection profi le suggest northward-dipping subduction of the paleo-Asian Ocean from the Devonian to the Late Permian. In contrast to the Hegenshan ophiolite complex to the south, the Permian rocks are intercalated by or contain lenses of fossiliferous limestones, which, together with several-kilometer-thick clastic sedimentary strata, originated from a continental to shallow marine environment ( Fig. 3 ; Shao, 1989) . A shift from cold-water to warm-water facies in Early Permian sedimentary rocks (Hsu et al., 1991) provides evidence for the southward drift of the Mongolian arcs in the late Paleozoic (Xiao et al., 2003) . Carboniferous rocks are absent here.
The Hegenshan ophiolite complex is characterized by an ~150-km-long, SW-NE-striking belt of ophiolitic rocks, and a several-kilometerthick succession of Permian clastic sedimentary rocks (Figs. 2 and 3, respectively) . Some sections of the ophiolite are overlain by fossiliferous Middle to Late Devonian limestones and Late Devonian cherts, which again are locally unconformably overlain by Permian conglomerates and breccias (Wang and Liu, 1986; Hsu et al., 1991) . Xiao et al. (2003) concluded, in combination with early structural studies (Tang, 1990) , that the ophiolite formed in a suprasubduction zone setting in the Middle Devonian. It was then thrust onto an arc-accretion complex located to the south of the active southern Mongolian arcs facing the open paleo-Asian Ocean in the Late Permian to Early Triassic. On the contrary, geochemical analyses led Robinson et al. (1995 Robinson et al. ( , 1999 to propose a back-arc or islandarc-marginal basin origin. Miao et al. (2008) further suggested that the back-arc basin opening took place ca. 300 Ma, and, thus, the suprasubduction zone ophiolitic rocks formed later. Presumably, the present-day location of the Devonian strata is a result of later fault activity, which remains diffi cult to verify due to poor outcrop conditions. Bimodal volcanic rock suites southeast of the Hegenshan ophiolite, dated at ca. 280 Ma, support this scenario . Thus, the northern accretionary orogen to the south (Fig. 2 ) may have been part of the Mongolian arcs during the early stages of its formation, before the back-arc basin opening in the Early Permian.
Northern Accretionary Orogen
Situated to the south of the Hegenshan ophiolite complex and the Erenhot fault (Fig. 2) , the northern accretionary orogen is subdivided by the Xilinholt fault into the northern Baolidao arc and the southern Erdaojing subduction-accretion complex (Xiao et al., 2003; Jian et al., 2008 Jian et al., , 2010 Chen et al., 2009) , both of which strike SW-NE. The lithology in both belts is dominated by late Paleozoic volcanic arc rocks and turbiditic volcaniclastic strata (Fig. 3) , making their distinction in the fi eld diffi cult. Isolated low-grade metamorphic complexes, such as the Xilinhot complex, and ophiolite slivers, however, only occur in the subduction-accretion complex. In the Permian, intercalations of fossiliferous limestones (BGMRIM, 1991) are common, in contrast to the Hegenshan ophiolite complex, suggesting a relatively stable shallow-marine environment along the orogen. Turbidites preserved in the orogen are generally undeformed or slightly metamorphosed. These observations suggest that the Permian accretionary processes were not accompanied by regional medium-to highdegree metamorphism or deformation, similar to the southern accretionary orogen (Eizenhöfer et al., 2014) . Nan and Guo (1992) concluded that the volcaniclastic strata to the north formed in an island-arc to back-arc basin setting, which is consistent with the back-arc basin scenario for the formation of the Hegenshan ophiolite complex.
The timing of arc magmatism in the Baolidao arc has not been well constrained until recently. Chen et al. (2000 Chen et al. ( , 2009 ) obtained a zircon U-Pb age of 310 ± 5 Ma for a subduction-related gabbroic diorite, and zircon ε Hf values (0 to +18.3) indicate a mixed juvenile and crustal source during magma production, supported by respective ε Nd values (+2.5 to +5.6). However, a crustal component requires a certain degree of arc maturity, which needs to be further clarifi ed.
The Erdaojing subduction-accretion complex has a variety of ages, which further substantiate its accretionary character. Among the dated ophiolite slivers in the belt, there are the Solonker (Solon Obo) ophiolite along the Chinese-Mongolian border (279 ± 10 Ma; Xiao et al., 2003; Miao et al., 2008) and the Sonidzuoqi ophiolite (Late Silurian to Early Devonian; Zhang et al., 2009 ). Plagioclase-biotite paragneisses from the Xilinhot complex yielded magmatic and metamorphic U-Pb ages of 452 ± 5 Ma and 339 ± 4 Ma (Li et al., 2011a) , respectively, while Shi et al. (2003) obtained upperand lower-intercept ages of 437 ± 3 Ma and 316 ± 3 Ma for the same gneisses. The nature of the Xilinhot complex still remains controversial. Most studies (BGMRIM, 1991; Shi et al., 2003; Li et al., 2011a) , suggest it is of Precambrian origin. However, we propose based on our fi eld observations that it represents a low-to medium-degree metamorphic equivalent to the predominant volcanic and volcaniclastic lithology in the northern accretionary orogen, which had been incorporated into the Erdaojing subduction-accretion complex during the Paleozoic accretionary processes.
Southern Accretionary Orogen
The southern accretionary orogen is regarded as a Paleozoic Andean-type continental margin along the northern edge of the North China craton (Tang, 1990; Tang and Yan, 1993; Xiao et al., 2003 Xiao et al., , 2009 Cope et al., 2005; De Jong et al., 2006; Miao et al., 2007; Eizenhöfer et al., 2014 orogen and the SW-NE-striking Linxi fault, it consists of the northern Ondor-Sum subductionaccretion complex and the southern Bainaimiao arc separated by the WSW-ENE-striking Xar Moron fault (Fig. 2) . While the Bainaimiao arc stretches along the northern edge of the North China craton, it remains unclear whether the Ondor-Sum subduction-accretion complex disappears, broadens, or branches to the east (Wu et al., 2002; Zhou et al., 2012) . The overall lithology along the accretionary orogen is dominated by Permian volcanic arc rocks and volcaniclastic sedimentary rocks intercalated during Middle Permian time by fossiliferous limestones, and followed by Late Permian fi ne-grained clastic strata (Fig. 3; BGMRIM, 1991) . The turbiditic strata are generally well developed, compared to their counterparts in the tectonic belts further north.
Similar to the Erdaojing subduction-accretion complex, the Ondor-Sum subduction-accretion complex contains isolated metamorphic complexes and slivers of ophiolitic rocks, but also Silurian slates, all of which are largely absent along the Bainaimiao arc to the south. It is, thus, interpreted as an accretionary wedge/mélange, which developed along the Bainaimiao arc during the southward-dipping subduction of the paleo-Asian Ocean beneath the North China craton (Xiao et al., 2003; Eizenhöfer et al., 2014) . Ages of ophiolitic rock slivers summarized by Xiao et al. (2009, and references therein) are ca. 260 Ma for the Ondor-Sum ophiolite and ca. 256 Ma for the Banlashan ophiolite, of which the latter crops out near the Kedanshan ophiolite near the town of Linxi (Tang, 1990) . The Tulinkai ophiolite yielded ages between 497 Ma and 477 Ma (Jian et al., 2008 Ar ages of 453.2 ± 1.8 Ma and 449.4 ± 1.8 Ma for phengites from blueschist metamorphic quartzite mylonites to the west of the study area. Analyses of magmatic zircons in greenschists of the Shuangjing metamorphic complex, which crops out along the northern banks of the Xar Moron River, returned an age of 298 ± 2 Ma. A granite, intruded into the greenschists, is 272 ± 2 Ma old. Based on these data and their own observations, Li. et al. (2011b) assumed that the Shuangjing metamorphic complex is the greenschist metamorphic equivalent to the volcanic rocks and volcaniclastic strata in the region, formed in the late Carboniferous to Middle Permian, similar to the Xilinhot metamorphic complex.
Magmatic activity in the Bainaimiao arc lasted throughout the Paleozoic, although it possibly ceased for a short period of time subsequent to the accretion of the Hunshandake microcontinent Xu et al., 2013) at ca. 300 Ma (Xiao et al., 2003; Eizenhöfer et al., 2014) . Tang and Yan (1993) reported a zircon U-Pb age of 466 Ma for a granodiorite porphyry near the village of Bainaimiao, while Zhang and Tang (1989) obtained a muscovite K-Ar age for a muscovite granite of 430 Ma. Cope et al. (2005) proposed that the arc existed from ca. 400 Ma to 275 Ma. Nie and Bjørlykke (1999) concluded that arc magmas were derived by mixing of mantle-derived and crustal rocks.
Solonker Suture Zone
Many controversies surround the formation of the Solonker suture zone, which is interpreted as the eastward continuation of the Tian Shan suture ( Fig. 1 ; Windley et al., 2007; Xiao et al., 2009 Xiao et al., , 2010 . In contrast to many other sutures (e.g., in the Alpine, Dabie-Sulu, Himalayan belts), it is not characterized by a continuous ophiolite belt. Instead, displaced ophiolitic rocks occur relatively randomly, integrated into subduction-accretion complexes ranging in size from a single outcrop (e.g., the Kedanshan ophiolite) to kilometer-sized bodies (e.g., the Hegenshan ophiolite). The situation is further complicated by a Paleozoic archipelago-type tectonic setting (Xiao et al., 2003; Windley et al., 2007; Eizenhöfer et al., 2014) , comparable to present-day Southeast Asia. Jian et al. (2008 Jian et al. ( , 2010 suggested that an arc bordering the northern edge of the North China craton collided with the passive margin of a consolidated northern accretionary orogen. Xiao et al. (2003) and Eizenhöfer et al. (2014) favored the "soft" collision of two opposing accretionary wedges (Şengör and Okurogullari, 1991) . This model would explain the absence of continental deep subduction, regional medium-to high-grade metamorphism, largescale thrust faults, and distinct mountain topology. The detachment of the oceanic slab from the continental crust, as a result of such subduction geometry, may have promoted the emplacement of postcollisional A-type granitic plutons in both the southern Mongolian arcs (Hong et al., 1994) and the Xilinhot complex (Shi et al., 2004) . Both models suggest a Late Permian to Early Triassic closure of the paleoAsian Ocean, which is supported in this study. However, the timing of fi nal suturing remains controversial, with suggestions ranging from the Devonian (Tang, 1990; Zhao et al., 2013) through the Carboniferous to the Mesozoic (Nozaka and Liu, 2002) .
METHODOLOGY
Samples were collected from Devonian and Permian volcaniclastic rocks along a SE-NW transect (Fig. 2) spanning from the North China craton to Mongolian arcs.
Geochronological data of Eizenhöfer et al. (2014) were combined with newly obtained zircon U-Pb ages and Hf isotope analyses, which were produced by a laser-ablation-inductively coupled plasma-mass spectrometer (LA-ICP-MS) at Northwest University Xi'an and a multicollector (MC) LA-ICP-MS at The University of Hong Kong, respectively. Detailed laboratory procedures and descriptions of the equipment can be found in Kröner et al. (2013b) and Eizenhöfer et al. (2014) , and references therein. Data reduction and calculation of about half of the U-Pb ages and all Hf isotope ratios were performed by the newly developed in-house code "RatSuite" of the Department of Earth Sciences, The University of Hong Kong, based on the Mathworks® Matlab environment (programs and scripts available upon request to the authors). ICPMSDataCal (Liu et al., 2010a (Liu et al., , 2010b Two statistical measures were adopted in order to provide a more robust quantitative foundation for the mostly qualitative age data evaluation: (1) Similarity s, described as fi delity in Cha (2007) , describes the statistical similarity to another age probability density function, with higher values indicating greater similarity, and vice versa (for a similar approach, see also Satkoski et al., 2013) , and is calculated as follows:
with n = age range, and p i , q i = probability values of age probability density functions p and q at location i. Thus, it is used in this study to describe the statistical similarity of the sample age spectra to age compilations of the North China craton and Mongolian arcs. (2) Relative heterogeneity evaluates the heterogeneity of an age probability density function, with higher values indicating the dominance of multiple or broad age populations (e.g., in the Mongolian arcs), and vice versa (e.g., in the North China craton). Detailed mathematical procedures are described in Sircombe (2004) and Eizenhöfer et al. (2014) . New U-Pb and Hf data are provided in supplementary tables 1, 2, and 3, respectively (GSA Data Repository material).
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RESULTS
U-Pb Geochronology
The concordant U-Pb ages of 1694 detrital zircons from Permian arc basins of the accretionary collision zone between the Mongolian arcs and the North China craton exhibit a wide range, from the Neoarchean (ca. 2.5 Ga) to Late Permian (ca. 269 Ma), with major age populations around ca. 2.5 Ga, ca. 1.8 Ga, ca. 436 Ma, ca. 311 Ma, and ca. 269 Ma. The large number of single ages indicates that age abundances >0.1% were detected at a 95% confi dence level (Andersen, 2005) . Thus, the probability of having not identifi ed a signifi cant age fraction in the study area tends statistically to zero. Each of the tectonic belts yielded a distinct age distribution (Figs. 4  and 5 ). All ages can be divided into three groups, approximately corresponding to their respective age provenance: (1) Neoarchean to Paleoproterozoic (North China craton), (2) Mesoproterozoic to the latest Precambrian (Mongolian arcs), and (3) Paleozoic (Paleozoic arcs). Relative abundances of these age groups in each sample are additionally illustrated as pie charts in Figure 2 .
In order to better understand the development of the Mongolian arcs as a detrital source terrane, 308 detrital zircon U-Pb ages were dated in Devonian sedimentary strata of the Chinese southern Mongolian arcs.
Devonian Chinese Southern Mongolian Arcs
Ages of Devonian sedimentary rock samples, two sandstones and one quartzite, comprise three major age groups (Fig. 5B) : ca. 965 Ma, ca. 511 Ma, and ca. 409 Ma. These ages correspond fairly well with protolith ages of southern Mongolian gneisses reported by Wang et al. (2001) and Demoux et al. (2009) located to the west of the study area, thus identifying them as the likely major provenance during Devonian time, delivering detritus from west to east (present-day coordinates). A few ages may also originate from the Tsagaan Uul terrane (Badarch et al., 2002) situated to the south of the gneisses. These observations further indicate that the southern Mongolian arcs extended as far as to the study area. 
Hegenshan Ophiolite Complex
Samples of Permian sedimentary rocks of the Gegenaobao Formation (Fig. 3) , two arkosic sandstones and two graywackes, are dominated by a single age group at ca. 314 Ma (Fig. 5C ). One sample (Fig. 4, sample 3 ) also yielded ages at ca. 610 Ma and ca. 1066 Ma. Although Kovalenko et al. (2006) and Blight et al. (2010) reported late Carboniferous to Early Permian ages for granites in southern Mongolia, they are unlikely sedimentary provenance candidates, since they would be accompanied by Mesoproterozoic to latest Precambrian ages of the Mongolian arcs. This, however, is observed in the Devonian strata as well as in the northern accretionary orogen. Sediment contribution from the southern Mongolian arcs must have been impeded, and instead the forearc and backarc basins received detritus from a single-aged provenance, e.g., an island arc.
Northern Accretionary Orogen
Three samples of Permian sedimentary rocks (one conglomerate of the Gegenaobao Formation, one sandstone of the Xiujimqinqi Formation, and one volcaniclastic rock of the Linxi Formation; Fig. 3 ) and two samples of Permian greenschist metamorphic metasedimentary schists, from the Xilinhot complex (Fig. 2,  sample 9 ) and Zhesi Formation, exhibit a very heterogeneous age distribution (Fig. 4) , except for another sandstone sample of the Xiujimqinqi Formation (sample 6). About 70% of all ages fall within ca. 328-429 Ma, while other ages are broadly distributed in the Mesoproterozoic to latest Precambrian (Fig. 5D) . The broad Precambrian age distribution has a strong affi nity with the Mongolian arcs and is to a certain extent similar to that of the Devonian. However, the differences, e.g., the change in intensity of major age populations, are indicative of a change in the composition of the sedimentary source terranes, e.g., the accretion of the Uliastai arc onto the Mongolian arcs sometime between the Devonian and Permian.
Southern Accretionary Orogen
Age data of volcaniclastic sedimentary strata of the Linxi and Huanggangliang Formations (Fig. 3) were taken from Eizenhöfer et al. (2014) . Age populations are very distinct, centered at ca. 2.5 Ga, ca. 1.8 Ga, ca. 436 Ma, and ca. 269 Ma (Fig. 5E) . Eizenhöfer et al. (2014) identifi ed the North China craton, an early and a late Paleozoic Andean-type margin as major provenance of the sediment in the forearc basins. Their proximity to the study region and high statistical similarity of age spectra (see below for similarity statistics) may rule out other age sources. The absence of the broad range of Mesoproterozoic to latest Precambrian ages implies that the Mongolian arcs were separated from the southern accretionary orogen in the Permian, e.g., by an ocean basin.
Hf Isotope Compositions
Hf isotopic compositions were measured for 487 detrital zircon grains from Permian sedimentary strata covering all three age groups from the Neoarchean to late Paleozoic across the accretionary collision zone between the Mongolian arcs and the North China craton. The ε Hf values, mostly ranging from ~−20 to ~+15, indicate that these zircons were formed in juvenile to crustal contaminated magmas. Similar to the geochronological data set, the tectonic belts to the north and south of the Solonker suture zone are characterized by distinct distributions of ε Hf values (Fig. 6 ).
Hegenshan Ophiolite Complex and the Northern Accretionary Orogen
The ε Hf values north of the Solonker suture zone generally produce a fanning array ranging from ~+15 to ~−15 when reaching the late Paleozoic. The initial trend toward negative ε Hf values shifts during the early Paleozoic to domi- nantly positive values (Fig. 6 ). Two samples (samples 3 and 10), one of which is from the Hegenshan ophiolite complex, exhibit strong positive ε Hf values (~+15 to ~+3) during Carboniferous time, one sample (sample 7) follows the overall mixed trend (~+10 to ~−10), and two samples (samples 5 and 8) develop to moderately negative ε Hf values (~+5 to ~−15). These observations imply that different local source terranes delivered, either independently or all together, detritus to the sedimentary basins: one consisting of a considerable amount of reworked crust, and the other composed of an exclusively juvenile source, likely to have appeared in the Carboniferous.
Southern Accretionary Orogen
The development of ε Hf values to the south of the Solonker suture zone stands in stark contrast to the north. The fanning array follows an overall trend that broadens toward negative values reaching a range of ~+10 to ~−15 in the Paleozoic. In the early Paleozoic, a strong shift toward positive values is again followed by a broadening trend toward negative values in the late Paleozoic (Fig. 6 ). Eight samples (samples 12, 13, 15, 17, 19, 20, 21, 22) comply with the overall trend. The remaining fi ve samples (samples 11, 14, 16, 18, 23) display stronger shifts toward positive ε Hf values either in the early or late Paleozoic, or both. The ε Hf values for the ca. 1.8 Ga and 2.5 Ga zircons are consistent with those reported for the North China craton (Geng et al., 2012) .
These relatively homogeneous results indicate that the forearc basins in the southern accretionary orogen received detritus from sources that were composed of a considerable amount of reworked crust, but which was supplemented by early and late Paleozoic juvenile material.
Similarity and Heterogeneity Statistics
Similarity (Fig. 7) of the sample age probability density functions with that of the North China craton, taken from Rojas-Agramonte et al. (2011), reaches fairly high indices (up to ~0.6) in the southern accretionary orogeny and dramatically decreases toward the northern accretionary orogen (up to ~0.2) and diminishes even further in the Hegenshan ophiolite complex (~0).
Similarity with the Mongolian arcs, the probability density function of which was taken from Rojas-Agramonte et al. (2011), is not as distinctive, showing high values in the southern and northern accretionary orogens (up to ~0.6) and relatively low values (up to ~0.3) in the Hegenshan ophiolite complex. The increased similarity indices across the southern accretionary orogen likely represent a statistical artifact.
Ages in the North China craton also occur with lower intensity in the Mongolian arcs. Thus, samples that are clearly affi liated with the North China craton yield higher similarity indices for the Mongolian arcs, although without geological meaning. However, the Hegenshan ophiolite complex can be statistically identifi ed.
The heterogeneity values (Fig. 7) for the age probability density functions are comparatively low, when single age populations are dominant. The low heterogeneity values for the age probability density functions characterize the Hegenshan ophiolite complex fairly well but vary in the other tectonic belts. A sharp drop, however, can be observed, where the similarity with the North China craton in the southern accretionary orogen diminishes toward north.
TECTONIC INTERPRETATIONS
The geochronological and Hf isotopic records in detrital zircons of Devonian and Permian back-and forearc basins, combined with previous studies, allow us to outline the tectonic setting of each tectonic belt. We will then propose an updated tectonic scenario for the accretionary "soft" collision between the Mongolian arcs and the North China craton, which led to the formation of the Solonker suture zone. A comparison with tectonic analogues may further aid in understanding the assembly of East Asia.
Tectonic Setting in the Paleozoic
Late Paleozoic Consolidation of the Mongolian Arcs
The detrital age distributions in Devonian strata in the Chinese southern Mongolian arcs broadly agree with those reported for a hypothetical matured early Paleozoic southern Mongolian island-arc terrane atop an ancient microcontinent (Uliastai arc; Lamb and Badarch, 1997; Wang et al., 2001; Badarch et al., 2002; Xiao et al., 2003; Demoux et al., 2009 ). However, its origin, probably a fragment rifted from the Tarim craton (Rojas-Agramonte et al., 2011), is debatable, even though it shares a major age population at ca. 966 Ma with the latter. Sedimentary access to other tectonic units of the Mongolian arcs, if any, seemed limited, suggesting that the Mongolian arcs as a coherent terrane still did not exist in the Devonian, but was an archipelago of independent tectonic units .
Active arc volcanism, likely associated with the southward accretionary growth of the Mongolian arcs and/or subduction beneath the Uliastai arc, continued in the Carboniferous (Heumann et al., 2012) , as also evidenced by such aged zircons in the Permian strata. The broader range of Precambrian ages detected in the Permian basins of the northern accretionary orogen is interpreted as originating from the consolidated Mongolian arcs. This suggests that in the Permian, in contrast to the Devonian, a larger variety of sediment was available. Likely, the Uliastai arc had accreted onto the Mongolian arcs before the Permian.
Back-Arc Basin Opening in the Northern Accretionary Orogen
Several authors (Shao, 1989; Wang, 1996; Badarch et al., 2002; Xiao et al., 2003; Jian et al., 2008; Zhang et al., 2014) have argued that northward-dipping subduction of the paleo-Asian Ocean beneath the Mongolian arcs took place along an Andean-type active continental margin from the Devonian to Late Permian, initiating the formation of the northern accretionary orogen. However, a subtle change in sedimentary provenance from the Devonian to Permian suggests that a fully developed continental margin existed only in the Permian, when the Mongolian arcs were consolidated as a coherent terrane, whereas in the Devonian, subduction took place beneath the isolated Uliastai arc (Lamb and Badarch, 1997; Demoux et al., 2009 ).
The Hegenshan ophiolite complex, separating the northern accretionary orogen from the Mongolian arcs, may play a crucial role in understanding the tectonic setting from the Carboniferous to Late Permian. The geochronological and Hf isotopic data imply that its basins received sedimentary material from a single juvenile Carboniferous source. The northern accretionary orogen, on the other hand, contains sediments from juvenile, crustal, and mixed sources from the Paleozoic arcs and the Mongolian arcs, consistent with the fi ndings for subduction-related gabbroic diorites . The Permian strata in the northern accretionary orogen and southern Mongolian arcs are intercalated with limestones (Fig. 3) , indicative of a relatively stable shallowmarine environment, except for the Hegenshan ophiolite complex in between. All these features can be explained by the opening of a back-arc basin in the late Carboniferous followed by its closure before the Late Permian, as already proposed by several authors (Robinson et al., 1995; Miao et al., 2008) , largely consistent with the fi ndings by Zhang et al. (2008) and Jian et al. (2010) , but contrary to the model of Xiao et al. (2003) . Opening of the back-arc basin would have caused the northern accretionary orogen to drift away from the ancient crustal material of the Mongolian arcs, which successively increased the addition of juvenile sources by continued subduction beneath the orogen. During back-arc basin closure, the Hegenshan ophiolite formed subsequent to the initiation of subduction of the back-arc oceanic crust as a suprasubduction zone ophiolite at ca. 295 Ma . Eventually it was obducted shortly before the closure of the paleo-Asian Ocean further south, where the youngest Early Triassic subductionrelated arc activity is recorded (Eizenhöfer et al., 2014) . Sediment from the Mongolian arcs would then be able again to reach the arc basins of the northern accretionary orogen until fi nal ocean closure.
Paleozoic Subduction Beneath the Northern Margin of the North China Craton
There is an overall consensus that forearc basins in the southern accretionary orogen received detritus from the early and late Paleozoic continental arcs, and the North China craton (Xiao et al., 2003; Jian et al., 2008 Jian et al., , 2010 Eizenhöfer et al., 2014) . Our new Hf data imply that the Precambrian crust of the North China craton was reworked by the southward-dipping subduction of the paleo-Asian Ocean during the early Paleozoic, but with a signifi cant addition of juvenile sources, visible in a slight shift to positive ε Hf values. The second, Late Permian, subduction phase most probably reworked crustal material from both, the North China craton and the early Paleozoic arc. Addition of juvenile material at this time, if any, was minor. In general, new and old data indicate a relatively stable Andean-type continental margin throughout the Paleozoic, although activity was possibly interrupted for a short period of time during the accretion of the Hunshandake microcontinent in the late Carboniferous or Early Permian Xu et al., 2013; Eizenhöfer et al., 2014) .
Paleozoic Accretionary Collision Between the Mongolian Arcs and the North China Craton
During the Late Ordovician to Devonian (Fig.  8A) , the paleo-Asian Ocean was subducted beneath the northern margin of the North China craton to the south and the Uliastai arc to the north, which initiated the formation of the southern and northern accretionary orogens, respectively. The Devonian strata were likely deposited on either sides of the Uliastai arc, receiving material from the arc. Large numbers of studies have confi rmed the existence of such a symmetric early Paleozoic arc geometry along both sides of the ocean (Tang, 1990; Tang and Yan, 1993; Xiao et al., 2003 Xiao et al., , 2009 Cope et al., 2005; Miao et al., 2007 Miao et al., , 2008 Eizenhöfer et al., 2014) , which is further supported by recent deep-seismic images . Major Ordovician to Devonian zircon age populations in the Devonian and Permian basins across both accretionary orogens are consistent with this conclusion.
From the early to middle Carboniferous (Fig.  8B) , the Uliastai arc accreted onto the Mongolian arcs sensu lato, consolidating the Mongolian arcs sensu stricto as the Permian sedimentary source terrane of arc basins in the northern accretionary orogen. Subduction polarity of this accretionary event is debatable. Thereafter, the paleo-Asian Ocean remained the only open ocean, further contracting as a result of subduction beneath the Mongolian arcs and the North China craton. Active arc volcanism along both sides of the ocean is again supported by a large abundance of zircon ages during this period.
In the late Carboniferous (Fig. 8C) , back-arc basin opening separated the Mongolian arcs from the northern accretionary orogeny, as indicated by a signifi cant shift from mixed to positive ε Hf values, and the absence of Precambrian ages in Permian sedimentary strata of the Hegenshan ophiolite complex. The occurrence of a bimodal volcanic rock suite near Xilinhot further supports this conclusion . Subduction beneath the isolated northern accretionary orogen continued, as evidenced by such aged zircons in basins north of the Solonker suture zone. A back-arc basin scenario is supported by most researchers (Robinson et al., 1995 (Robinson et al., , 1999 Miao et al., 2008) , although it is opposed by some (Nozaka and Liu, 2002; Xiao et al., 2003) . Subduction and/or magma produc- tion in the southern accretionary orogen may have temporarily ceased due to the accretion of the Hunshandake microcontinent Xu et al., 2013; Eizenhöfer et al., 2014) , since such aged zircons are absent in Permian basins south of the Solonker suture zone.
From the Early to Middle Permian (Fig. 8D) , the consumption of the paleo-Asian Ocean continued, while the Hegenshan back-arc basin began to close. The initiation of subduction, supposedly northward dipping beneath the Mongolian arcs according to fault attitudes in deep-seismic profi les , led to the formation of the suprasubduction-zone Hegenshan ophiolite at ca. 295 Ma . We suggest that northward-dipping subduction beneath the northern accretionary orogen continued, while southward-dipping subduction beneath the southern accretionary orogen resumed to full scale (Xiao et al., 2003; Eizenhöfer et al., 2014) . The Gegenaobao Formation, which occurs in the southern Mongolian arcs, the Hegenshan ophiolite complex, and the northern accretionary orogen (Fig. 3) , likely represents the back-arc basin fi ll consisting of sediment from the Bainaimiao arc and the Mongolian arcs. The Zhesi and Huanggangliang Formations likely formed as forearc basin deposits to the north and south, respectively.
In the Late Permian (Fig. 8E) , the Hegenshan ophiolite was obducted during the closure of the back-arc basin . During this time, the Late Permian Xiujimqinqi and Linxi Formations were deposited, likely as forearc basin fi lls receiving sediment from the active arcs, and the Mongolian arcs and the North China craton, respectively. The Linxi Formation likely represents the latest basin deposit, as it conformably overlies the Xiujimqinqi Formation and the earlier Zhesi Formation, and consists of sediment from the Bainaimiao arc and the North China craton (Fig. 3) . By the end of the Early Triassic, the paleo-Asian Ocean closed, following a bipolar subduction geometry, leading to a "soft" collision of the accretionary wedges of the northern and southern accretionary orogens. A distinct change of the detrital age and ε Hf distributions in Permian strata between the accretionary orogens clearly demarcates the location of the Solonker suture zone (Figs. 4 and  7) . Thus, a major sedimentary barrier, such as an oceanic basin, impeded the NW-SE transport of detritus during Permian time, which would be diffi cult to explain by a pre-Permian closure of the paleo-Asian Ocean. The latest arc activity in the region (ca. 269 Ma) also identifi es the suture as the fi nal one (Eizenhöfer et al., 2014) that ultimately led to the amalgamation of the Mongolian arcs and the North China craton.
Following the closure of the paleo-Asian Ocean, A-type postcollisional plutons were emplaced across the accretionary collision zone Shi et al., 2004) , probably stimulated by the detachment of oceanic crust in the region as a result of the bipolar subduction geometry. This interpretation is consistent with the absence of remnants of oceanic crust in recent deep-seismic profi les . However, Jian et al. (2010) suggested that the A-type granites were a result of a Permian rifting event in the northern accretionary orogen. Collins et al. (2011) defi ned two contrasting Phanerozoic global orogenic systems based on zircon Hf analyses: external orogens, which form by accretionary processes due to the subduction of dominantly oceanic lithosphere (e.g., along the Pacifi c "Ring-of-Fire"), and internal orogens, which involve the accretion of numerous large-scale continental fragments (e.g., in the Central Asian orogenic belt). However, such defi nition only represents two end members of orogenic belts, and many collisional belts may have involved both subduction-related accretion and continent-continent or arc-continent collision, as is the case in the accretionary collision zone between the Mongolian arcs and the North China craton. The broadening of negative ε Hf values in the southern accretionary orogen resembles more that of an internal orogen, refl ecting the crustal contamination induced by the continued southward-dipping subduction beneath the North China craton. The northern accretionary orogen, on the other hand, corresponds more to an external orogen, with a signifi cant occurrence of positive ε Hf values as a result of juvenile addition and crustal reworking by the continued northward-dipping subduction and back-arc spreading similar to the opening of the Japanese Sea (Celaya and McCabe, 1987 ; see also Hf data for Japan in Collins et al., 2011) , which would resemble the opening of the Hegenshan back-arc basin.
Present-Day Analogues and ContinentContinent Collision via Bipolar Subduction
Suturing subsequent to "soft" collision of two opposing accretionary wedges might be common in accretionary tectonic environments, such as the Central Asian orogenic belt (Xiao et al., 2003; Kröner et al., 2013a) , Southeast Asia, the Arabian-Nubian Shield during its Neoproterozoic to early Paleozoic amalgamation Johnson et al., 2011) , and the circumPacifi c. The absence of regional metamorphism and large-scale thrust features can be explained by a bipolar subduction geometry, where oceanic crust is largely detached from continental crust. Continental deep subduction would, thus, not occur, and collision would be reduced to mere docking of tectonic blocks. Accretionary tectonic settings, especially in archipelago-type tectonic environments , share many common features that may support such collision type. The only present-day example for such subduction geometry is represented by the arc-arc collision in the Mollucca Sea (Cardwell et al., 2013) . The Solonker suture zone, thus, may have recorded a rare example of a continent-continent collisional analogue.
In this study, we demonstrated that analysis of the isotopic geochemical variability of detrital zircons in arc basins in accretionary collision zones can be an important tool with which to identify broad cryptic sutures that were the result of a double-sided subduction geometry.
CONCLUSIONS
Our spatial analysis of geochronological and Hf isotopic data revealed a distinct variability in detrital zircons of arc basins across the Paleozoic accretionary collision zone between the Mongolian arcs and the North China craton. The Hegenshan ophiolite complex is characterized by a single age population at ca. 314 Ma and positive ε Hf values. the northern accretionary orogen has a strong affi nity with the Mongolian arcs expressed as a broad distribution of Precambrian ages, and mixed juvenile and crustal reworked sedimentary provenances. Neoarchean and Paleoproterozoic ages in arc basins of the southern accretionary orogen indicate a significant contribution of the North China craton. The latter had been reworked by the early and late Paleozoic southward-dipping subduction of the paleo-Asian Ocean, which resulted in Hf isotopic ratios developing to successively less radiogenic compositions. The stark geochronological and Hf isotopic contrast between both accretionary orogens clearly outlines the location of the cryptic Solonker suture zone, and the locus of the fi nal closure of the paleo-Asian Ocean hosting the youngest major age population (ca. 269 Ma) in the collision zone. However, the course of the suture zone further east of the study area remains open to question.
These observations combined with existing studies enable an updated tectonic reconstruction of the Paleozoic evolution of the paleoAsian Ocean and assembly of East Asia in the eastern section of the Central Asian orogenic belt. In the Late Ordovician to Devonian, subduction took place beneath a matured southern Mongolian island arc to the north (Uliastai arc) and the North China craton to the south. In the Carboniferous, the Hegenshan back-arc basin opened between the northern accretionary orogen and the then-consolidated Mongolian arcs. From the Early to Middle Permian, the Hegenshan back-arc basin closed by northwarddipping subduction beneath the Mongolian arcs, initiating the formation of the suprasubduction zone Hegenshan ophiolite. Meanwhile, continued subduction along both sides of the ocean further narrowed the paleo-Asian Ocean. In the Late Permian, the Hegenshan ophiolite was obducted during the closure of the Hegenshan back-arc basin. By the end of the Early Triassic, the paleo-Asian Ocean closed after the collision between opposing accretionary wedges of the northern and southern accretionary orogens, leading to the formation of the Solonker suture zone. Production of A-type postcollisional plutons was promoted by the detachment of the oceanic from continental crust, subsequent to such type of bipolar subduction geometry.
The early stages of our proposed tectonic scenario may be analogue to the modern-day east-west contraction of the Pacifi c, which is dominated by the subduction of oceanic lithosphere, including Japanese Sea-type back-arc basin opening. During later stages, it may share more resemblance with the present tectonic situation in Southeast Asia, involving the accretion of large-scale continental fragments as well as young volcanic arcs. Thus, a better understanding of present-day accretionary collision zones may be the key to understanding past ones.
